Spiranic O-BODIPYs bearing a phenol-based bi(polyarene) unit tethered to the boron center through oxygen atoms constitute an interesting family of BINOL-BODIPY dyads useful for the development of photonic applications due to their synthetic accessibility and tunable photonic properties. In this communication, a preliminary study on the influence of the structure of both the BODIPY chromophore and the bi(polyarene) moiety over the chiroptical properties of this family of O-BODIPYs is carried out, directed to the improvement of said properties for their use in chiroptic applications.
Introduction
Circular polarization confers to a beam of light a chiral character, due to the axial chirality associated to the corresponding (left or right) propagation mode. This chiral characteristic is the basis of the chiral photonics or chiroptics [1] . The differential absorption of right and left circularly polarized light by chiral non-racemic luminescent systems (molecules, ionic pairs, polymers, metal complexes, supramolecular aggregates, etc.) is known as circular dichroism (CD) [2] . CD can be evaluated by the Kunh's dissymmetry ratio, or absorption dissymmetry factor, gabs [3] , whose values stand between 2 and +2 (completely right and left polarized absorption, respectively). Analogously, circularly polarized luminescence (CPL) is the differential emission of right-and left-circularly polarized light by chiral luminescence systems, and it is quantified by the luminescence dissymmetry factor, glum (values between 2 and +2) [4] .
CPL can be used as a source of information on the structure of the involved excited states. Within photonics, CPL is interesting for the improvement and potential development of multiple photonic tools, such as display devices including 3D optical displays, optical storage and processing systems, spintronics-based devices, biological probes and signatures, security tags, CPL lasers, enantioselective CPL sensors, or light-emission systems for asymmetric photosynthesis. Additionally, the omnipresence of chirality in the world around us (especially in the living world) makes CPL a valuable source of information on chiral environments to be exploited; e.g., by the future development of CPL microscopes [5] .
The highest levels of CPL have been mainly achieved from chiral lanthanide complexes [1d,5e,6] . However, their emission efficiencies are usually small, which hinders their use in certain CPL applications (e.g., in CPL lasing). Some purely organic molecules afford smaller CPL levels when they are hierarchically self-organized into non-racemic helical polymers or supramolecular aggregates [7] . Unfortunately, this organization has usually a negative influence in the emission efficiency. In contrast, simple (small, non-aggregated, non-polymeric) chiral organic molecules (SOM) enabling CPL are rare, and exhibit much smaller levels of CPL (typical glum = 10 -5 -10 -2 ) [8] , being the structural diversity of the acting chromophores very poor [9] .
In SOMSs, CD and CPL are closely related to the helical character of the molecule. Thus, configurationally labile -conjugated helical molecules, such as bridged biphenyls or trityl propellers, have found a valuable application as chiroptical probes for the detection and quantification of enantiomers (CD-based chiral sensing) [10] . Additionally, the use of CD is the best way to investigate the formation of helices with induction of axial chirality [11, 2c] and can be also used to predict whether the molecule would exhibit CPL or not.
4,4-Difluoro-4-bora-3a,4a-diaza-s-indacenes (F-BODIPYs) constitute a recognized family of fluorophores with noticeable utility in the development of photonic tools [12] . This is due to the excellent physical and chemical properties of the BODIPY chomophore, such as high solubility in organic-solvent systems improving dyed-material processability (e.g., in the preparation of organic films) or possibility of easy selective chemical functionalization to finely modulate the dye photophysical properties [12a-c] . These properties, joined to the usually large molar-absorption coefficients (ε) and high fluorescence quantum yields () of BODIPYs have promoted their application as fluorescent dyes for bioimaging, chemosensing and lasing, among other interesting photonic applications [12, 13] .
The chemical versatility of BODIPYs comes from the possibility of functionalizing selectively all the BODIPY positions, not only in the dipyrrin core, but also at boron by introducing pendant groups different from fluorine. This last strategy has been used to increase the dye stability against reactive singlet oxygen for lasing purposes [14] , to enhance the dye solubility in water [15] , to develop multichromophoric molecular cassettes endowed with efficient intramolecular excitation energy transfer (EET) [16] or to infer chiroptical activity to the BODIPY chromophore [16f,17] .
Among the BODIPYs substituted at boron, those bearing a phenol-based bi(polyarene) unit tethered to the boron center through oxygen atoms constitute an interesting family of O-BODIPYs, useful for the development of photonic applications, such as structurally-simple EET molecular cassettes (arene-BODIPY dyads), as well as sources of circularly polarized light [16e,17b] including circularly polarized laser [18] , field that has arisen as one of the most interesting and emerging topics dealing with BODIPYs [9, 19] . This is due to three main factors: (1) synthetic accessibility leading to the development of low-cost dyes [17b,20] , (2) tunable photonic properties by straightforward chemical transformations [20] and (3) chiral perturbation to the BODIPY chromophore, when a chiral polyarene is used [17b] . This efficient chiral perturbation has been demonstrated by the workability of this structure as a new structural design for CPL-SOMs [17b]. The chiroptical behavior is a consequence of the chiral perturbation over the inherently achiral BODIPY chromophore, exerted by the BINOL-based unit tethered to it in an orthogonal spiranic fashion (e.g. 1a in Figure 1 ). In a previous study on the photophysical properties of a family of bi(polyarene)-derived O-BODIPYs, we reported the possibility of promoting a non-emissive intramolecular charge transfer (ICT) state, which can be efficiently modulated by the substitution pattern, either at the dipyrrin core or at the polyarene moiety [20] . This result prompted us to hypothesize on the possibility of tuning chiroptical properties in this family of O-BODIPYs, as well, by tuning the said ICT. This proceeding presents the preliminary results on the chiroptical behavior (CD) of a selected family of bi(polyarene)-based spiranic O-BODIPYs.
Results
For this preliminary study, the small battery of chiral bi(polyarene)-derived O-BODIPYs shown in Figure 2 has been selected. With the aim of evaluating the relationship between dye structure and CD signalization, we chose a set of dyes covering different stereoelectronic effects on both dipyrrin core and bi(polyarene). On the one hand, dipyrrins with different degree of alkylation (cf. 1 and 2), aryl groups with free or restricted rotation (cf. 2 and 4) or electron withdrawing groups (EWG) in different positions (e.g. 3 and 5) were selected. On the other hand, a naked binaphtyl unit (a), or a bromine-or bis-3,5-(trifluoromethyl)phenyl-substituted binaphtyl unit (b and c, respectively), or a -extended biarene (d and e), were also selected. These structural variations led to significant differences in the photophysical behavior of the dyes, mainly due to ICT modulation [20] , so they are expected to induce differences in the CD or CPL behavior, as well.
O-BODIPYs 1-5 were prepared following the previously described procedure [20] , but using the corresponding enantiopure commercially available BINOL, BINOL derivative, VANOL or VAPOL, by nucleophilic substitution of fluorine in parent F-BODIPY promoted by AlCl3. Next, the CD of the chiral O-BODIPYs was recorded and dated in terms of gabs. The results are shown in Table 1 . As expected, all the dyes are CD-active, with |gabs| falling within the usual range for SOMs (10 -5 -10 -3 ).
All the BINOL-derived dyes (1a, 1b, 1c, 2a, 3a, 4a and 5a) show comparable gabs values (around 10 -3 ), negative for O-BODIPYs based on (R)-BINOL and positive for the (S) enantiomers, with the exception of 1c, whose CD response is significantly lower than in the other members of the series. On the contrary, the highest value for gabs is found for 2a. Regarding the dyes based on VANOL (4a) or VAPOL (5a), the sign tendency is maintained (negative for R biaryl and positive for S). However, their absolute gabs values are rather different. The structures differ only in a fused benzene ring, which makes the VAPOL unit to be bigger than the VANOL unit. It might be possible that a too high sterical hindrance has a negative effect on the helicity and, therefore, on the CD of the dye. This might be the reason for 1c having the lowest gabs value, given the size of its naphtyl-based substituents. Unfortunately, no clear conclusions on the relationship between dye structure and CD behavior (level and sign) are extracted from these series. Nonetheless, it seems that the absolute gabs value is increased significantly when ICT is acting significantly, as shown by poor fluorescence efficiency. However, this hypothesis should be assessed by further studies involving additional dyes with selected functional pattern modulating the ICT.
Conclusions
The interest of CD (e.g., in high-resolution and chiral sensing) makes it interesting to carry on studies on its modulation with the structure of the dye. Thus, the CDs of a series of chiral bi(polyarene) O-BODIPYs have been measured, all of them being CD-active. The found gabs values fall within the typical range of most of the CD-active dyes based on SOM. Nonetheless, further investigation related with assessing the influence of the O-BODIPY structure in the dichroic signalization (level and sign) is needed to make possible the rational design of future chiral O-BODIPYs. Is this line, research is being conducted by synthesizing and chiroptically studying (CD and CPL) 
